Gram-negative bacteria of the genus Xenorhabdus exhibit a mutualistic association with steinernematid entomopathogenic nematodes and a pathogenic relationship with insects. Here we describe two isolates of the entomopathogenic nematode Steinernema aciari collected from China and Japan. 16S rRNA gene sequence similarity and phylogenetic analysis indicated that the isolates obtained from S. aciari belonged to the genus Xenorhabdus. Multilocus sequence analysis based on five universal protein-coding gene sequences revealed that the isolates were closely related to Xenorhabdus ehlersii DSM 16337
Gram-negative bacteria of the genus Xenorhabdus exhibit a mutualistic association with steinernematid entomopathogenic nematodes and a pathogenic relationship with insects. Here we describe two isolates of the entomopathogenic nematode Steinernema aciari collected from China and Japan. 16S rRNA gene sequence similarity and phylogenetic analysis indicated that the isolates obtained from S. aciari belonged to the genus Xenorhabdus. Multilocus sequence analysis based on five universal protein-coding gene sequences revealed that the isolates were closely related to Xenorhabdus ehlersii DSM 16337
T and Xenorhabdus griffiniae ID10 T but that they exhibited ,97 % sequence similarity with these reference strains, which indicated that the isolates were distinct from previously described species. Based on these genetic differences and several differential phenotypic traits, we propose that the isolates represent a novel species of the genus Xenorhabdus, for which we propose the name Xenorhabdus ishibashii sp. nov. The type strain is GDh7 T (5DSM 22670 T 5CGMCC 1.9166 T ).
Gram-negative bacteria of the genus Xenorhabdus (family Enterobacteriaceae) exhibit mutualistic associations with steinernematid entomopathogenic nematodes, which show strong insecticidal activities against a diverse group of insects together with symbiotic Xenorhabdus bacteria (Forst & Clarke, 2002) . Isolation and classification of bacteria symbiotically associated with entomopathogenic nematodes was first performed in 1964, when the bacteria were described as 'Achromobacter nematophilus' (Poinar & Thomas, 1965) . The genus Xenorhabdus was established in 1979, with 'A. nematophilus' being transferred into this genus and renamed Xenorhabdus nematophila, the type species of the genus (Thomas & Poinar, 1979) . At the time of writing, 22 further species have been described worldwide (Akhurst, 1986; Akhurst & Boemare, 1988; Nishimura et al., 1994; Lengyel et al., 2005; Somvanshi et al., 2006; Tailliez et al., 2006 Tailliez et al., , 2010 Tailliez et al., , 2012 .
Molecular identification and classification of species of the genus Xenorhabdus have primarily been performed in the past using 16S rRNA gene sequences. Recently, multiple gene sequences have been employed. Tailliez et al. (2010) used multilocus sequence analysis for robust molecular phylogenetic analysis of the closely related genera Xenorhabdus and Photorhabdus (Boemare, 2002) . Tailliez et al. (2010) used a cut-off of 97 % sequence similarity of the concatenated sequences of four genes, encoding the DNA recombination protein (recA), the DNA gyrase beta subunit (gyrB), the DNA polymerase III beta chain involved in DNA metabolism (dnaN) and the glutamyltRNA synthetase involved in protein synthesis (gltX) for the classification of existing Xenorhabdus species. Lee & Stock (2010a, b) conducted phylogenetic analysis based on recA, serC and 16S rRNA gene sequences to resolve evolutionary relationships between host steinernematid nematodes and symbiotic Xenorhabdus bacteria. Recently, Tailliez et al. (2012) reported the use of the gene sequence encoding the translation initiation factor IF-2 (infB) for additional information for the classification of the genus Xenorhabdus. (Kuwata et al., 2006) , which were associated with S. aciari collected from China and Japan, respectively. On the basis of 16S rRNA gene sequences and concatenated protein-coding sequences of recA, gyrB, dnaN, gltX and infB, the two isolates were confirmed to represent a novel species, for which the name Xenorhabdus ishibashii sp. nov. is proposed.
For isolation of strains GDh7
T and IkWj136, about 50 infective juvenile nematodes were immersed in 0.1 % merthiolate solution for 2 h, washed in sterile saline and crushed in a small amount of sterile LB broth (pH 7.0) to release bacteria from the nematode intestine. The suspension was spread on NBT agar (NBTA; nutrient agar supplemented with 0.004 % triphenyltetrazolium chloride and 0.0025 % bromothymol blue) for static culture at 28 u C for 3-5 days (Akhurst, 1980) . Single colonies were picked and streaked on fresh NBTA until no contamination was observed. The isolates were preserved as 24-h cultures in 16 % glycerol at 280 u C.
Cells of 24-h cultures were lysed using TKE buffer (0.1 M Tris-HCl, 0.1 M KCl and 20 mM EDTA-Na; pH 8.0) containing appropriate lysozyme and RNase A at 37 u C for 20 min. After addition of 10 % Sarkosyl to the lysate, DNA was purified by phenol/chloroform extraction and ethanol precipitation and finally dissolved in TE buffer. Amplification of recA, gyrB, dnaN, gltX and infB was performed using the primer sets described by Tailliez et al. (2010 Tailliez et al. ( , 2012 . PCR amplicons were gel purified and sequenced directly on both strands using the ABI PRISM BigDye Terminator Cycle Sequencing kit version 1.1 and a ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA. USA). The sequences were analysed using BLAST available in the National Center for Biotechnology Information website. Phylogenetic trees were constructed based on previously identified 16S rRNA gene sequences (Kuwata et al., 2006; Wang et al., 2008) and concatenated sequences of recA, gyrB, dnaN, gltX and infB. Multiple sequence alignment matrices were created using CLUSTAL X version 2.0.8 at the default configuration (Larkin et al., 2007) . Aligned matrix data were analysed using neighbour joining in PHYLIP version 3.69 (Felsenstein, 2005; Saitou & Nei, 1987) . Sequence distances were established by pairwise comparisons using the Kimura two-parameter model (Kimura, 1980) and statistical significances of resulting trees were evaluated by bootstrap analysis with 1000 replications (Felsenstein, 1985) . Trees were represented graphically using TreeView version 1.6.6 (Page, 2001 ).
The maximum growth temperature was determined in broth for 48 h with an accuracy of ±0.2 u C. Biochemical tests were carried out at 28 u C and the results were determined after 48 h. DNase activity and utilization of citrate were examined using DNase agar and Simmons' citrate agar, respectively. Furthermore, urease activity was examined in 5 ml urea broth. Haemolysis was assessed using sheep blood agar. Hydrolysis of 1 % Tweens 20 and 80 was tested using tryptone agar. Acid production and carbon assimilation was investigated using API 20 E and API 50 CH strips (bioMérieux), according to the manufacturer's instructions. The phenotypic characteristics of strains GDh7
T and IkWj136 were compared with those of previously described members of the genus Xenorhabdus (Tailliez et al., 2012) .
Over the 1480 bp of the 16S rRNA gene sequences of the isolates, there were only two nucleotide differences between them. BLAST analysis showed 96-98 % sequence similarity between the isolates and other members of the genus Xenorhabdus, which indicated that the isolates belong to this genus. The phylogenetic tree exhibited clustering of the isolates with Xenorhabdus griffiniae ID10 T (Fig. 1) .
The conserved protein-coding sequences of recA, gyrB, dnaN, gltX and infB of strains GDh7 T and IkWj136 exhibited the following nucleotide differences between them: 9 bp in recA (681 bp), 5 bp in gyrB (1131 bp), 6 bp in dnaN (817 bp), 5 bp in gltX (963 bp) and 6 bp in infB (1740 bp). Strains GDh7
T and IkWj136 showed 99.6 % concatenated sequence similarity with each other (5332 bp), indicating that the isolates belong to the same species (Tailliez et al., 2010 (Tailliez et al., , 2012 . BLAST analysis of the five gene sequences for both isolates showed highest sequence similarity with Xenorhabdus ehlersii DSM 16337 T and X. griffiniae ID10 T , the symbiotic partners of Steinernema longicaudum and Steinernema hermaphroditum, respectively. The phylogenetic tree based on concatenated gene sequences (4164 bp) demonstrated that the isolates clustered with X. ehlersii DSM 16337 T and X. griffiniae ID10 T (Fig. 2) . Individual gene sequence phylogenetic trees also supported the closely relationship between them (Fig. S1 , available in IJSEM Online). The concatenated sequences of strains GDh7 T and IkWj136 exhibited 94.3-94.5 % sequence similarity with X. ehlersii DSM16337 T and 93.0-93.1 % sequence similarity with X. griffiniae ID10 T , indicating that the isolates are clearly distinct from previously described species of the genus Xenorhabdus, according to the 97 % cut-off for the delineation of species in this genus using these genes (Tailliez et al., 2010 (Tailliez et al., , 2012 ; 6, X. bovienii (n525); 7, X. budapestensis (n52); 8, X. cabanillasii (n52); 9, X. doucetiae (n52); 10, X. hominickii (n53); 11, X. indica (n52); 12, X. innexi (n52); 13, X. japonica DSM 16522 T ; 14, X. koppenhoeferi USNJ01 T ; 15, X. kozodoii (n52); 16, X. magdalenensis IMI397775 T ; 17, X. mauleonii VC01 T ; 18, X. miraniensis Q1 T ; 19, X. nematophila (n513); 20, X. poinarii (n55); 21, X. romanii PR06-A T ; 22, X. stockiae TH01 T ; 23, X. szentirmaii (n53); 24, X. vietnamensis VN01 T . V, Variable; W, weakly positive; +, 90-100 % strains positive; V(+), 50-89 % strains positive; V(2), 11-49 % strains positive; 2, 0-10 % strains positive. Phenotypic characteristics of GDh7 T and IkWj136 were compared with those of previously described members of the genus Xenorhabdus (Tailliez et al., 2006 (Tailliez et al., , 2011 2 2  2  2 2  2  2  2  2  2  2  2 2 2  2  2 2 2  2  2  2 and H 2 S production. The upper growth temperature limits of strain GDh7 T was 37 and 42 u C and of strain IkWj136 was 40 and 41 u C in NB and TSB, respectively. Therefore, it appears that these isolates have the ability to grow in a relatively hot environment compared with other members of the genus Xenorhabdus (Table 1) . The close phylogenetic relatives of the isolates, X. griffiniae and X. ehlersii, have been isolated from tropical and subtropical regions, respectively (Lengyel et al., 2005; Tailliez et al., 2006) . Although strains GDh7
T and IkWj136 were isolated from subtropical and temperate regions in Asia (Qiu et al., 2005; Kuwata et al., 2006) , they may have derived from ancestral species that have adapted to tropical and subtropical regions.
The API test revealed that GDh7
T and IkWj136 shared the following biochemical characteristics: acid production from ribose, D-glucose, D-fructose, N-acetyl-glucosamine, aesculin, maltose, trehalose and 5-ketogluconate as well as assimilation of glycerol, D-fructose, D-mannose, N-acetylglucosamine, aesculin and trehalose. Differences were observed between GDh7
T and IkWj136 for acid production from D-mannose as well as assimilation of ribose, glucose, maltose and gluconate.
On the basis of phylogenetic and phenotypic analysis, it is concluded that strains GDh7
T and IkWj136 represent a novel species of the genus Xenorhabdus, for which the name Xenorhabdus ishibashii sp. nov. is proposed.
Description of Xenorhabdus ishibashii sp. nov.
Xenorhabdus ishibashii (i.shi.ba.shi9i. N.L. gen. masc. n. ishibashii of Ishibashi, named in honour of N. Ishibashi, who has contributed considerably to entomopathogenic nematology).
The species description is based on two strains. Cells on NA are Gram-negative straight rods (2.0-4.260.5-1.0 mm). After 3 days on NA at 28 u C, colonies are circular, convex, granular, dry and dark yellow and 0.8-2.0 mm in diameter. The maximum growth temperature is 37-40 u C in NB and 41-42 u C in TSB. No haemolysis is observed on sheep blood agar. Positive for hydrolysis of Tweens 20 and 80. Facultatively anaerobic. Motile in soft agar. Negative for catalase, oxidase and phenylalanine deaminase. Utilizes acetate, glucosamine, malonate and tartrate. Grows in medium containing KCN. Oxidizes ethanol and negative for the methyl-red test. With the API system, positive for hydrolysis of aesculin and gelatin, acid production from glycerol, D-glucose, D-fructose, D-mannose, mannitol, Nacetylglucosamine, aesculin, maltose, trehalose, xylitol, Dribose (weak), salicin (weak) and 5-ketogluconate (weak) and utilization of D-fructose, D-mannose, N-acetylglucosamine, aesculin, trehalose, starch, glycogen, 5-ketogluconate, glycerol (weak), arbulin (weak) and salicin (weak); negative for all other API tests. This species is symbiotically associated with S. aciari (Qiu et al., 2005) and phylogenetically related to X. ehlersii and X. griffiniae.
The type strain, GDh7
T (5DSM 22670 T 5CGMCC 1.9166 T ), was isolated from S. aciari collected in China. Strain IkWj136 (5JCM 16258 5ATCC BAA-2153) was isolated from S. aciari collected in Japan.
